Abstract-To overcome blind spots of an ordinary weather radar which scans horizontally at a high altitude, a weather radar which operates vertically, so called an atmospheric profiler, is needed. In this paper, a K-band radar for observing rainfall vertically is introduced, and measurement results of rainfall are shown and discussed. For better performance of the atmospheric profiler, the radar which has high resolution even with low transmitted power is designed. With this radar, a melting layer is detected and some results that show characteristics of the meting layer are measured well.
I. INTRODUCTION
A weather radar usually measures meteorological conditions of over a wide area at a high altitude. Because it observes weather phenomena in the area, it is mainly used for weather forecasting. However, blind spots exist because an ordinary weather radar scans horizontally, which results in difficulties in obtaining information on rainfall at higher and lower altitudes than the specific altitude. Therefore, a weather radar that covers the blind spots is required.
A weather radar that scans vertically could solve the problem. This kind of weather radar, so called an atmospheric profiler, points towards the sky and observes meteorological conditions according to the height [1] . Also, because the atmospheric profiler usually operates continuously at a fixed position, it could catch the sudden change of weather in the specific area.
In this paper, K-band rain radar which has low transmitted power and high resolutions of the range and the velocity is introduced. The frequency modulated continuous wave (FMCW) technique is used to achieve high sensitivity and reduce the cost of the system. In addition, meteorological results are discussed. Reflectivity, a fall speed of raindrops and Doppler spectrum measured when it rained are described, and characteristics of the melting layer are analyzed as well.
II. DEVELOPMENT OF K-BAND RAIN RADAR SYSTEM

A. Antenna
To suppress side-lobe levels and increase an antenna gain, offset dual reflector antennas are used [2] . Also, separation wall exists between the transmitter (Tx) and receiver (Rx) antennas to improve isolation between them. With these methods, leakage power between Tx and Rx could be reduced. Fig. 1 shows manufactured antennas and the separation wall. Fig. 2 shows a block diagram of the K-band rain radar. Reference signals for all PLLs in the system and clock signals for every digital chip in baseband are generated by four frequency synthesizers. In the Tx baseband module, a field programmable gate array (FPGA) controls a direct digital synthesizer (DDS) to generate an FMCW signal which decreases with time (down-chirp) and has a center frequency of 670 MHz. The sweep bandwidth is 50 MHz which gives the high range resolution of 3 m. Considering the cost, 2.4 GHz signal used as a reference clock input of the DDS is split and used for a local oscillator (LO). the FMCW signal is transmitted toward raindrops with the power of only 100 mW. Beat frequency which has data of the range and the radial velocity of raindrops is carried by 60 MHz and applied to the input of the Rx baseband module. In the Rx baseband module, quadrature demodulation is performed by a digital down converter (DDC). Thus, detectable range can be doubled than usual. Two Dimensional-Fast Fourier Transform (2D-FFT) is performed by two FPGAs. Because the 2D FFT is performed with 1024 beat signals, the radar can have high resolution of the radial velocity. Finally, data of raindrops are transferred to a PC with local LAN via the an UDP protocol. TABLE I. shows main specification of the system. Abstract-This paper discusses the use of multi-band-stop filters for application as frequency discriminators. A novel design method is presented (multi-band-stop filters based on the balanced gray code) and compared to the straightforward method (traditional gray code). The novel method increases individual rejected bands fractional bandwidth, while assuring that each filter possess the same amount of rejected sub-bands. For a frequency span, it is also shown that the sub-bands fractional bandwidth relative standard deviation is reduced.
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I. INTRODUCTION
In Instantaneous Frequency Detection, a frequency discriminator is a frequency-sensitive device that allows the system to infer the frequency of an unknown incoming signal.
A way of implementing Digital Instantaneous Frequency Detection Systems is using a set of interferometers along with power detectors that create a unique combination of output words to represent the detected frequency.
However, a group of interferometers can be substituted by a set of filters that mimic its frequency response, allowing the use of much more developed implementation techniques.
As a natural solution, these filters ended mimicking the code in which the interferometers are built: the traditional gray code. This paper presents a method for defining the characteristics of a set of filters for application as frequency discriminators based on the balanced gray code. Also, a comparison between both methods is present, showing average sub-band fractional bandwidth along with standard deviation and variation coefficients.
II. MICROWAVE FREQUENCY DISCRIMINATORS
Historically, interferometers have been used in analogue Instantaneous Frequency Measurement Systems (IFM) as frequency discriminators. A microwave interferometer operates similarly to an optical one, splitting an incoming signal into two equal parts, guiding each one into different paths. When combining the signals, the phase shift between them produces a pattern that allows the recognition of the signal frequency. [1] .
From this method, a straightforward solution to implement a digital IFM is to attach microwave detectors along with voltage comparators [2, 3] . If a certain detected signal's voltage level is higher than a predefined threshold, the output bit is '1' (or '0' otherwise).
To increase resolution, multiple interferometers can be utilized. Since the frequency response of an interferometer is periodical, the output bits will present a periodical pattern with respect to the input signal frequency. Thus, the output code (composed by the individual bits) has to respect such pattern.
The traditional gray code is perfectly suited for this application since its bits sequences are composed by a sequence of '0's followed by the same number of '1's, therefore being easily implemented with interferometers. Another advantage from the use of this code is that its consecutive words differ by only one bit, preventing spurious results in the band transition proximities. [4] Below, is the 4-bit traditional gray code: 
A. Frequency Discriminators Using Multi-band-reject Filter
Responses based on Traditional Gray Code.
The use of filters as frequency discriminators emerge from the concept that any couple of microwave network will perform the same function as long as their frequency responses are equal.
Nonetheless, microwave filter design techniques are far more advanced when compared to microwave interferometers', what makes the choice for the previous very appropriate.
Some solutions employ filters as frequency discriminators utilized multi-band-reject filters for this task [5] . In [6] the filter design was chosen to mimic the interferometers' frequency response. In this example, all filters were implemented using square ring resonators that while being suitable for implementing the narrowest sub-bands, requires a large number of rings for implementing the widest ones. Also, as predicted by the use of the traditional gray code, every subsequent filter sub-bands bandwidth is half the size of its predecessor. In order to increase the system resolution, more filters have to be added with even narrower sub-bands.
B. Frequency Discriminators Using Multi-band-reject Filter Responses based on Balanced Gray Code
The balanced gray code is a variation of the traditional gray code that while maintaining its characteristics, reduces the number of transitions, therefore, allowing the filters' rejected bands to be less narrow when compared to their traditional counterparts.
The key concept behind this choice is that the set of n filters will still keep its key requirements: producing 2 n output words, while two consecutive words differing by a bit only. Nonetheless, the filter design can benefit from this choice in the form of the shape of its sub-bands and quantity of subbands per filter.
Below, is the 4-bit balanced gray code: 
III. COMPARISON BETWEEN TRADITIONAL AND RECONFIGURABLE DISCRIMINATOR DESIGNS
Considering multi-band-reject filters, one possible way to construct such devices is by the combination of sub-filters that individually reject each sub-band. Implementing a set of filters mimicking the traditional gray code will result in disproportion in the number of sub-bands per filter. As an example, using the 4-bit traditional gray code, filters 1 and 2 will possess 1 rejected sub-band, while filter 4 will possess 4 rejected sub-bands.
The balanced gray code, however, grants that each filter has the same quantity of sub-bands. On the 4-bit balanced gray code, every filter has the same amount of rejected sub-bands, i.e. 2 rejected sub-bands per filter. This impacts directly on the filter size uniformity, since each filter will be constructed with the same amount of sub-filters.
For a better understanding of the concept, let us define fi' as the resolution of an IFM system of n bits, given by: (1) where f2 and f1 are respectively the maximum and minimum frequencies of the IFM system. Considering a rejected sub-band belonging to a multiband-stop filter, its limiting frequencies will be apart from each other by a multiple of the system's resolution, as shown in Fig. 1 . In this representation, a and b are integers and represent how far from the maximum and minimum frequencies the subband cutoff frequencies are; while f1' and f2' are the rejected sub-band cutoff frequencies.
The fractional bandwidth of a filter individual sub-band can be expressed in terms of this representation by:
As a comparison, let us choose f2/f1 = 2, the values of a and b give the fractional bandwidth for each sub-band, as shown on Table 1 . (Note that the variables considered are those of a 4-bit system). The results show that for the same number of bits, the average fractional bandwidth is greater, while the standard deviation is smaller. Fig. 2 shows the average fractional bandwidth vs. f2/f1 for both traditional and balanced gray code. Having a greater fractional bandwidth means that the filter implementation can be done easier because the sub-bands are relatively wider. IV. CONCLUSION
In this paper, it is demonstrated that the use of balanced gray code for the definition of sub-bands in a multi-band-stop filter increases the average fractional bandwidth of the individual rejected bands while assuring that each filter will possess the same amount of rejected sub-bands.
Also, it is shown that, for a specific frequency region, the rejected sub-bands bandwidth relative standard deviation is also reduced, which means that it is easier to construct all filters using the same technology. 
